Abstract In a phylogenetic analysis of species of Magnaporthaceae based on nucleotide sequences of rDNA-ITS and the RPB1 gene, isolates of the tested species were divided into two clusters with high bootstrap support. One group was composed of Pyricularia spp.; the other was composed of Magnaporthe salvinii, M. rhizophila, M. poae, Gaeumannomyces graminis, and G. incrustans. On the basis of this result, we concluded that Pyricularia spp. constitute a large but distinct phylogenetic species group that is not congeneric with Magnaporthe salvinii, the type species of Magnaporthe.
Isolates used in this study M. salvinii (Catt.) R.A. Krause & R.K. Webster, the type species of the genus (Krause and Webster 1972) , is different from both of the two groups; its infection cycle is primarily dependent on sclerotia that colonize the leaf sheath although it forms bicolored conidia. This circumstantial evidence led Zhang et al. (2011) to question whether Magnaporthe and Gaeumannomyces were monophyletic taxa. On the basis of the results from multilocus phylogenetic analyses, they considered that both Magnaporthe and Gaeumannomyces were polyphyletic and suggested that anamorphic and ecological features were more informative than the teleomorphic characters in defining monophyletic natural groups. However, they used only four M. oryzae/P. oryzae isolates as representatives of Pyricularia for their analysis. As mentioned already, several phylogenetically distinct, morphological species (Hirata et al. 2007) (Hawksworth 2011) and that other names will be considered synonyms. Based on the new nomenclatural code for algae, fungi, and plants (McNeill et al. 2012 ), all legitimate fungal names are treated equally for the purposes of establishing priority (Wingfield et al. 2012) . Therefore, P. oryzae and P. grisea as former anamorphic names may compete with former teleomorphic names M. oryzae and M. grisea, respectively, for priority. In the present study, we performed phylogenetic analyses using diverse blast fungi including various species. As a result of the obtained phylogenetic structure of Magnaporthaceae, we discuss which generic name should be adopted for the blast fungi, Magnaporthe or Pyricularia.
The Pyricularia isolates tested are listed in Table 1 . Genomic DNA was extracted as described by Nakayashiki et al. (1999) . According to the number of informative sites reported by Zhang et al. (2011) , two loci were selected for analysis: a portion of the nu-rRNA gene repeat (rDNA-ITS: ITS1, 5.8S and ITS2) and a portion of the largest subunit of RNA polymerase II gene (RPB1). The rDNA-ITS region was amplified with primers ITS5 (5 0 -GGAAGTAAAAG TCGTAACAAGG-3 0 ) and ITS4 (5 0 -TCCTCCGCTTATT GATATGC-3 0 ) (White et al. 1990 ) as described by Hirata et al. (2007) . The RPB1 gene was amplified in a 20 lL reaction containing 1 U rTaq DNA polymerase (TOYOBO, Osaka, Japan), 1 9 PCR buffer provided by the manufacturer, 200 lM each dNTP, 0.2 lM primers RPB1-Ac (5 0 -G ARTGYCCDGGDCAYTTYGG-3 0 ) and RPB1-Cr (5 0 -CC NGCDATNTCRTTRTCCATRTA-3 0 ) (Zhang et al. 2011 ), 1.5 mM MgCl 2 , and 1 ng of template DNA using a Mastercycler (Eppendorf, Hamburg, Germany). PCR cycling conditions for RPB1 were 1 min at 95°C; 30 cycles of 1 min at 94°C, 1 min at 60°C, 1 min at 72°C;
and 5 min at 72°C. PCR products were purified with USB ExoSAP-IT (Affymetrix, Santa Clara, CA, USA), and sequenced directly with the same primers as in the Table 1 ). The nucleotide sequences of rDNA-ITS and RPB1 reported by Zhang et al. (2011) and those of model organisms (Cryphonectria parasitica EP155, Gaeumannomyces graminis var. tritici R3-111a-1, Magnaporthe oryzae 70-15 and M. poae ATCC 64411) were downloaded from GenBank and genome databases (Table 2) . Nucleotide sequences of each locus were aligned with the program CLUSTAL W (Thompson et al. 1994) , and manually optimized using the program MEGA 5.10 (Tamura et al. 2011) . Combined alignments were analyzed using maximum parsimony (MP), maximum likelihood (ML), and Bayesian inference (BI) methods. Cryphonectria parasitica EP155 was used as an outgroup. The MP analysis was performed with MEGA 5.10 using the CloseNeighbor-Interchange (CNI) algorithm at a search level of 1. The initial tree for the CNI search was created by random addition for 10 replications. Nodal supports were assessed using 500 bootstrap replicates. The best-fit model for the ML and BI analyses was selected using the corrected Akaike information criteria in the program jModelTest 2.1.1 (Darriba et al. 2012; Guindon and Gascuel 2003) . The ML analysis with the GTR ? G model was carried out using MEGA 5.10. Nodal supports were assessed using 500 bootstrap replicates. Bayesian analysis was conducted with the program MrBayes 3.2.1 (Ronquist et al. 2012 ) using the GTR ? G model and consisted of two runs of four chains each. The two runs were performed for 500,000 generations, sampling every 100 generations. Average standard deviations of split frequency values lower than 0.01 were taken as an indication that convergence had been achieved. After the first 1,250 trees were discarded, a 50 % majority rule consensus tree was constructed based on the remaining samples. The tree was visualized using the program FigTree v1.4.0 (available at http://tree.bio.ed.ac.uk/software).
The ML tree is shown in Fig. 1 . The isolates of Magnaporthaceae species tested were divided into two clusters with high bootstrap support. One cluster was composed of the blast fungi and harbored all of the morphologically distinct Pyricularia species (Fig. 2) . The other was composed of soilborne pathogens, M. rhizophila, M. poae, G. graminis, and G. incrustans. Magnaporthe salvinii was included in the latter cluster. Gaeumannomyces was split into two subclusters; one was composed of all isolates of G. graminis var. graminis and G. graminis var. tritici, while the other was G. incrustans, grouped together with soilborne Magnaporthe species. Similar results were obtained from the MP and BI analyses (Online resources 1 and 2).
As mentioned already, the species analyzed in the present study is divided into three groups based on the ecological and anamorphic features; (1) Pyricularia spp. mainly colonizing leaves and panicles, (2) Gaeumannomyces spp. and soilborne Magnaporthe spp. colonizing roots, and (3) M. salvinii colonizing leaf sheath. The present study showed that M. salvinii, the type species of Magnaporthe, is clustered with group (2) and distinct from group (1) (the blast fungi). The high bootstrap support at the nodes of the two clusters suggests that each of them is a monophyletic clade derived from a common ancestor. Although species classified in the same genus Magnaporthe are found in both clades, their differences in anamorphs and infection behaviors are not so trivial as those found among species of the same genus. We suggest that the two clades should logically be separated as distinct genera and have different generic names. Tsuda and Ueyama (1982) , one of the three teams that discovered the teleomorph of P. oryzae (Ueyama and Tsuda 1975) , found that the teleomorph of the blast fungus was different from typical Magnaporthe in morphology of ascospores, especially structure at their tips, and mode of their germination. Based on these observations, they concluded that the teleomorph of the blast fungus should not Fig. 2 Pyriform conidia produced by Pyricularia spp. a P. oryzae (Triticum isolate, Br48). b P. grisea (Digitaria isolate, Dig41). c P. zizaniaecola (Zizania isolate, KYZL201-1-1). d P. zingiberi (Zingiber isolate, TKZiM202-1). e P. higginsii (Cyperus isolate, HYCI201-1-1). Bars = 10 lm J Gen Plant Pathol (2014) 80:66-72 71 be designated as Magnaporthe and argued that a new teleomorph genus should be established for it. Our phylogenetic analyses also suggest that Magnaporthe, typified by M. salvinii, should not be connected with the blast fungi, that have long been called Pyricularia species. Luo and Zhang (2013) suggested synonymizing M. salvinii to Nakataea oryzae (Cattaneo) J. Luo & Zhang, recombined from Sclerotium oryzae Cattaneo, an anamorphic synonym of M. salvinii. According to this treatment, the generic name Magnaporthe will correspondently be synonymized to Nakataea Hara. It should be noted that Nakataea is apparently different from Pyricularia, especially in conidial shape and pigmentation (Luo and Zhang 2013) . Based on their morphological and phylogenetic considerations, they suggested that the blast fungus should not be congeneric with the type species of Magnaporthe.
Taken together, we conclude that the blast fungi composed of various species constitute a large, but distinct phylogenetic group of fungi that is not congeneric with M. salvinii, the type species of Magnaporthe. If Magnaporthe is adopted as the generic name of the blast fungi, therefore, the type species of Magnaporthe must be replaced with some species in the clade of blast fungi. On the basis of these considerations, we propose that the clade of the blast fungi should be designated Pyricularia simply based on its priority, as suggested by Luo and Zhang (2013) , and that the name Magnaporthe should be used for its type or closely related species in the M. salvinii clade.
